Purpose This study evaluated the differences of corneal thickness and corneal endothelial morphology in diabetes compared with agematched, healthy control subjects; in addition, we tested for correlation according to the duration of diabetes. Methods Ultrasound pachymetry and noncontact specular microscopy were performed on 200 patients with diabetes and 100 control subjects. We compared the values for diabetics and normal persons with ANACOVA to adjust for age. Moreover, we examined the correlation between the subject parameters and the duration of diabetes by using a partial correlation coefficient that controlled for age. Results The diabetic subjects had thicker corneas, less cell density and hexagonality, and more irregular cell size of the corneal endothelium than did the controls (Po0.05). Central corneal thickness and the coefficient of variation for cell size were significantly higher for diabetes of over 10 years' duration than for diabetes of under 10 years' duration (Po0.05). The endothelial cell density and percentage of hexagonal cells were lower for diabetes of over 10 years' duration than for diabetes of under 10 years' (P40.05). Central corneal thickness was correlated with duration of diabetes (Po0.05), but corneal endothelial morphology was not (Po0.05). Conclusions Those patients with diabetic duration of over 10 years have more corneal morphological abnormalities, especially the coefficient of variation in cell size, compared with the normal subjects. The central corneal thickness was significantly correlated with diabetic duration after controlling for age.
Introduction
Diabetes mellitus is associated with structural changes in corneal endothelial cells and their thickness. [1] [2] [3] [4] [5] Many clinical evidences have shown that patients with diabetes have functional abnormalities such as a higher corneal autofluorescence, lower corneal sensitivity, greater baseline corneal thickness, less endothelial cell density, and increased endothelial permeability to fluorescein after intraocular surgery. [6] [7] [8] However, there have not been many studies that provide understanding of the alterations in the diabetic cornea by evaluating the corneal structure and correlating the changes with the diabetic duration. 9, 10 Thus, we performed our study to evaluate the differences of central corneal thickness and corneal endothelial cell morphology between diabetics and agematched healthy normal subjects. In addition, we also evaluated the correlation between each of these values and the diabetic duration by using a partial correlation coefficient to control for the age of the patients.
Patients and methods
We examined 200 patients with insulindependent diabetes (99 males and 101 females) and 100 control subjects (54 males and 46 females) in this study. The age range of diabetic group was 23-83 years (mean 57.578.5 years) and the mean age of the control group was 33-81 years (mean: 52.878.6 years). The duration of diabetes was from 2-30 years (mean: 10.875.9 years) ( Table 1 ). All the diabetic patients were divided into two groups according to diabetic duration of 10 years or less than 10 years.
Ophthalmologic examination included a complete medical history, slit-lamp examination, ultrasound pachymetry (Bio Vision Instrument Pachymetry, USA), videokeratography (Canon, Japan), endothelial cell count and morphology (Konan Noncon Robo 8000, Japan), and a binocular indirect ophthalmoscopy fundus examination. Those patients who had any type of diabetic retinal lesion were evaluated by a retinal specialist who decided whether to diagnosis such lesions as normal fundus or as background diabetic retinopathy. None of the patients used topical ocular medications, and any patients having a history of ocular disease, previous ophthalmic intervention, laser treatment, proliferative diabetic retinopathy, and contact lens wear were excluded from the study.
Corneal thickness was measured using an ultrasound pachymetry. Each corneal thickness measurement was the mean of 10 successive pachometry readings. Two measurements were completed on each eye at each session, and these were averaged to provide a single value for the eye at that session. Specular microscopy of the central endothelium was performed on both eyes by using a specular microscope. This device autotracts the cornea and autofocuses on the endothelium without touching the cornea. It also provides high magnification, good image quality and the capability for semiautomated, computer-assisted cell density determination, and morphometric analysis. Using the 'dot' method, we then digitized 100 cells by touching the cell apices with a graphic tablet pen, and we analysed the cell sizes according to a variety of factors including cell density, the CV of cell area (SD/mean), and the percentage of hexagonal cells. All statistical tests and analyses were based on only right eye data.
We compared the values of corneal factors such as corneal thickness, and endothelial cell morphology in diabetics and normal persons by using ANACOVA testing that adjusted for age of the patients. We also evaluated the correlation between the corneal factors in diabetes and the duration of diabetes using a partial correlation coefficient that controlled for age.
Results
The mean duration of diabetes was 10. 875.9 years, and 111 patients had diabetes for less than 10 years (Table 2) . There was no statistically significant difference between the subjects with diabetes and normal persons, and between data for the right and left eyes (P40.05). In general, there were thicker central corneal thicknesses, less endothelial cell density, less hexagonality, and more irregular cell sizes for diabetics, as compared with the normal persons (Po0.05) ( Table 3) .
The mean corneal thickness was significantly higher in diabetic (588.272.7 mm) than in the control group (567.873.8 mm) (Po0.05). The mean corneal thickness was significantly higher for diabetes of over 10 years' duration (595.974.2 mm) than for diabetes of under 10 years' duration (582.273.7 mm) (Po0.05). There was a significant difference in the central corneal thickness between the two groups of diabetic patients (Po0.05) ( Tables 3 and 4 ).
The mean cell density of the corneal endothelium was significantly less in diabetics (2577. (Tables 3  and 4 ). The central corneal thickness was significantly correlated with diabetes duration (Po0.05), but the corneal endothelial morphology such as cell density, hexagonality, and the coefficient of variation in cell size were not correlated (P40.05) ( Table 5 ).
Discussion
The morphometry of corneal endothelial cells and central corneal thickness values in diabetic patients were not appreciably different from those found in normal person's without diabetes. 8, [11] [12] [13] [14] In fact, the central corneal thickness of diabetics is thicker than that of normal persons, 10 and diabetic corneal endothelial morphology shows distinct differences compared with normal cornea. 7,9-11 These morphological changes of the diabetic cornea were revealed by some experimental studies using mice or dogs, and the researchers reported a decrease in the corneal endothelium density, a decrease in hexagonality, and an increase in the coefficient of variation for cell size in the case of diabetes. 3, 4 It is thought that diabetes reduces the activity of Na þ -K þ ATPase of the corneal endothelium, and this causes the morphological changes and permeability changes in the corneas, and then damages are caused as corneal compensation against the IOP.
2,8
As seen above, studies exist on the differences of corneal factors between normal people and diabetics, but studies on the relevance of the duration of diabetes are rare.
9,10 Accordingly, we compared the differences in the corneal thickness and endothelium between age-matched persons with and without diabetes, and we examined the differences of corneal factors like the endothelial cell changes depending on the duration of diabetes.
At first, the differences in the central corneal thickness and endothelial morphology between the normal group and two diabetic groups (less than 10 years and over 10 years) were analysed with ANACOVA. And then, the relation between the measurements obtained from the diabetic group and the duration of diabetes was assessed using partial correlation coefficients to adjust for age.
According to our results, diabetic patients showed significant differences compared with normal persons in terms of the central corneal thickness and morphological change of the corneal endothelium. Diabetes of over 10 years' duration showed thicker corneas, a lower corneal endothelium density, lower hexagonality ratios, and higher coefficients of variation in cell size than those patients having diabetes of under 10 years' duration. However, there were only significant differences between diabetes of over 10 years' and under 10 years' duration in corneal thickness and coefficients of variation in cell size. With regard to the corneal endothelial morphology, the coefficient of variation in cell size appears to be the most sensitive of three factors of corneal endothelial morphology: cell density, hexagonality, coefficient variation, according to the duration of diabetes. Overall, this fact is likely to suggest that polymegatism and pleomorphism may precede a decrease in cell density. 1, 15, 16 As for the relation to the disease duration using partial correlation coefficients that controlled for age, a significant correlation was found only with the central corneal thickness; no significant correlation was found in terms of the corneal endothelial pleomorphism or polymegatism. Further surveys on large groups of diabetic patients who have had diabetes for a long period of time seem to be necessary, because the judgment criteria for the partial correlation coefficients adjusting for age may be interpreted differently. Keoleian et al 17 reported that diabetic patients frequently had abnormal corneal endothelium in contrast to normal persons, but there were no significant differences in terms of function of the fluorescence permeability of the corneal thickness and endothelium. This means that the corneal endothelium of diabetic patients has a structural disorder, but the functional disorder of the corneal tissues is not affected.
Busted et al 10 showed that the diabetic corneal thickness was significantly thicker than the normal corneal thickness, but there was no significant relation between central corneal thickness of diabetes and the diabetic duration. This difference is probably due to the fact that the mean age of their subjects (34 years) was lower than that (57.5 years) of our diabetic subjects. A more active compensation of the corneal endothelial pump action seems to be present in younger diabetics than in older diabetics, because the corneal thickness of diabetics depends on the increased hydration of the cornea.
Ziadi et al 12 reported that it took longer for diabetics to recover from damaged corneal tissues compared with normal persons. As the corneal endothelium of diabetic patients has a structural disorder, a functional disorder of the diabetic corneal tissues can be caused by a stimulus like stress or trauma to the corneal tissues or from the lack of an adequate oxygen supply. 12, 14 Therefore, it is necessary to carefully observe functional disorders including disorders in the permeability of the corneal tissues when conducting ophthalmologic procedures such as cataract operations and PRP or when diabetics use contact lenses for a long period of time.
On the basis of our study's results, diabeties have morphological abnormalities such as greater baseline corneal thickness, a decreased endothelial cell density and percentage of hexagonality, and an increased coefficient of variation in cell size in contrast to normal persons. For diabetic durations of over 10 years, the central corneal thickness and coefficient of variation in cell size were noted to increase and cellular density and hexagonality were noted to decrease. Especially, the central corneal thickness was significantly correlated with the duration of diabetes after controlling for age.
